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(MDCT) (axial, multiplanar reformatted images and virtual bronchoscopy) in preoperative assess-
ment of post-traumatic tracheal stenosis.
Materials and methods: Twenty-four patients with post-traumatic tracheal stenosis underwent tra-
cheal resection anastomosis. The diagnosis was ascertained on the basis of history and rigid-bron-
choscopy. All patients were preoperatively evaluated by MDCT. Intraoperative ﬁndings were used
as the gold standard. Lesions were evaluated in terms of site, distance from the vocal cords, length,
grade of the stenosis and length of the planned resected segment.T; IO, intraoperative; MPR,
e rendering techniques; VB,
ronchoscopy; FB, ﬂexible
artment of Radiology, Minia
, Egypt. Tel.: +20 862342505,
(M. Shweel).
tian Society of Radiology and
g by Elsevier
ing by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear Medicine.
tp://dx.doi.org/10.1016/j.ejrnm.2013.04.007
514 M. Shweel, Y. ShabanResults: The sensitivity of MDCT was 100%, 100%, 92.3%, 92.3%, 96% and its accuracy was,
100%, 100%, 96%, 96%, 88.8% in assessment of tracheal stenotic site, distance from the vocal
cords, length, length of segment planned for resection and stenotic grade, respectively. MPR (coro-
nal and sagittal reformatted) images were 100% sensitive in detecting stenotic site and distance from
the vocal cord. It showed 92.3% sensitivity and 96% accuracy in assessment of the stenotic segment
length and the length of segment planned for resection. VB showed 96% sensitivity and 88.8%
accuracy.
Conclusion: MDCT with its various display modes improved the preoperative evaluation of post-
traumatic tracheal stenosis. The combined interpretation of axial, multiplanar reformatted and VE
leads to improved diagnostic conﬁdence. We recommend it as a constant demand for preoperative
evaluation of post-traumatic tracheal stenosis.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Trachea is a pliable compressible tube traversing through the
neck and mediastinum (1). The most common cause of tra-
cheal stenosis is trauma, which can be internal (prolonged
endotracheal intubation, tracheostomy, ﬂame burn injury) or
external (blunt or penetrating neck trauma). Approximately
90% of all cases of acquired chronic subglottic stenosis result
from endotracheal intubation or tracheostomy (1–3).
Managing tracheal stenosis dates back to 1886; when Colles
described four cases of tracheal stenosis after tracheostomy in
57 children with diphtheria (4). Resection of tracheal stenosis
with primary end-to-end anastomosis remains the gold stan-
dard against which any other procedure can be evaluated (5).
This type of surgery requires an optimal preoperative assess-
ment of the stenotic segment (6).
Bronchoscopy is considered the ‘‘gold standard’’ for the detec-
tion and diagnosis of tracheobronchial pathology, however, it has
some technical limitations such as inability to evaluate airway be-
yond a high-grade stenosis of the bronchial lumen (7).
On the other hand, MDCT is a well-tolerated procedure,
and permits rapid data acquisition during a single breath hold.
The acquired images provide detailed information regarding
the tracheobronchial tree and its pathology. A variety of com-
puter processing algorithms can be applied in CT acquired
data such as: multiplanar reformatting (MPR), shaded surface
display (SSD), maximum or minimum intensity projection
(MIP), volume rendering techniques (VRT) and virtual endos-
copy (VE) (8–10).
Keeping in view of uncommon nature post-traumatic tra-
cheal stenosis, its increasing incidence, our study was carried
out with the objective to evaluate the diagnostic utility of mul-
tidetector CT with multiplanar reformatted imaging and vir-
tual bronchoscopy in preoperative assessment of post
traumatic tracheal stenosis.
2. Patients and methods
2.1. Patient data
From August 2009 to October 2012, this prospective study was
conducted on 24 patients with post traumatic tracheal stenosis.
Eighteen were males (75%) and 6 were females (25%), their
age ranged from 15 to 65 years. Past history of trauma, trache-ostomy, endotracheal intubation and dilatation was taken. All
patients were admitted and a detailed systemic examination
and routine baseline investigations were done. Preoperative ri-
gid bronchoscopy was done in all patients. All patients under-
went MDCT of the neck and chest, followed by tracheal
resection anastomosis after pre-anesthetic workup. All patients
gave informed consent. The study was approved by the local
ethics committee.
2.2. Patients selection
Our study group included a select population who were con-
sidered eligible to enter the study after meeting the inclusion
criteria based on: (a) clinical history (history of internal or
external tracheal trauma); (b) rigid bronchoscopy indicating
grade 3 and 4 tracheal stenosis; and (c) tracheal resection anas-
tomosis had been already planned. Three patients were ex-
cluded, two were not suitable for surgical treatment and one
patient died before surgery.
2.3. CT technique
Patient Preparation: sedation was used before multidetector
CT examination under guidance of an anesthetist in two pa-
tients, unable to cooperate with breath holding or lying still.
Other patients required no sedation.
2.4. Sixteen-slice multidetector
CT examinations were performed for all patients using a 16-
detector CT scanner (Bright Speed 16; GE Medical Systems,
GE Healthcare-America: Milwaukee, USA). Patients were
examined in a supine headﬁrst position, with extended head, ele-
vated arms and were scanned in a caudocranial direction. Scan-
ning parameters were: slice width, 1.25 mm; slice collimation,
4 · 1; feed-rotation, 4 mm; rotation time, 0.5 s; pitch, 4; and
80 kVp. Acquisition time was roughly 20 s to allow completion
of the acquisition during a single breath-hold. The reconstruc-
tion intervals and slice thickness were 2 mm. A nonenhanced
frontal scout view from the level of the larynx to the dome of
the diaphragm was obtained ﬁrst. A dose of 80–100 mL iohexol
(Omnipaque, 300 mg iodine/mL) was administered at a rate of
3.0 mL/s through a 20-gauge IV catheter in the antecubital vein.
Fig. 1 (A) Myer-Cotton grading system. Quoted from Myer et al. (11). (B) Coronal image with measurements of stenosis. (A) length
from the vocal cord, (B) length of planned segmental resection of trachea, (C) diameter of tracheal stenosis, (D) diameter of normal
trachea. Quoted form Kamal et al. (12).
Fig. 2 Postintubation tracheal stenosis. MDCT (A) axial; (B) MPR coronal; (C) 3D external volume rendering and (D); virtual
bronchoscopy. Images show grade 3 circumferential luminal narrowing of the subglottic trachea, with associated soft-tissue thickening,
and hourglass conﬁguration (noted in B).
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Fig. 3 Postintubation tracheal stenosis. MDCT (A) axial; (B) MPR coronal; (C) 3D volume rendering using air parameters and (D);
virtual bronchoscopy. Images show short, smooth concentric symmetrical narrowing of the subglottic trachea. Note on axial images (A)
tracheal wall regular, concentric thickening, and on MPR and 3D images (B and C) luminal hour-glass shaped focal stenosis.
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The axial source images were created, and transferred in real
time to an advantage Workstation Volume Share 2 (GE
Healthcare), with 2.8-GHz CPU, 3.37 Gb RAM, 140 Gb
HD. For each scan, postprocessing images included multi-
planar reformations (sagittal and coronal views), three-
dimensional and virtual bronchoscopy (VB). The latter was
placed in the proximal part of the trachea and evaluated
using a ﬂy-through mode. Each VB image simulated a
coned-down view, with a cone angle adjusted to 45. The en-
tire VRES image can be rotated by moving the orientation
cube or by simply using the image rotate feature. Post pro-
cessing time ranged between 25 and 35 min for each study.
All images for each patient were saved as digital ﬁles and
evaluated together.
2.6. Image analysis
A radiologist reviewed all CT studies in a blind fashion. Image
analysis of axial, multiplanar reformations, and VB images
was performed. The axial CT images were interpreted ﬁrst, fol-
lowed by the coronal and sagittal reformatted images. Finally,virtual bronchoscopy. The axial and multiplanar reformatted
images were viewed with standard lung window settings (level,
450 H; width, 1850 H) and standard soft-tissue window set-
tings (level, 50 H; width, 450 H). For each step, a diagnostic
judgment was expressed on any tracheal stenotic segment
based on the following parameters:
1- Site: The method proposed in the current study deﬁnes
three locations within the central airways: upper third
(subglottic); middle third (cervical trachea); and lower
third of the trachea (mediastinal trachea).
2- Grading; to calculate the grade of stenosis, we used the
program ruler for comparing the diameter of the maxi-
mal tracheal luminal narrowing to the diameter of the
normal trachea. We used the Myer-Cotton grading sys-
tem (11) which divided into four grades; grade 1 (lumi-
nal narrowing <50%), grade 2 (luminal narrowing
P50% but <70%), grade 3 (luminal narrowing
P70%) and grade IV, no lumen detected Fig. 1(a).
3- Stenosis length and length from the vocal cord: we used
the same methods proposed by Kamal et al. (12) who
used the program ruler for measuring the maximal pro-
jectional length of the tracheal luminal narrowing
Fig. 1(b).
Fig. 4 Post traumatic tracheal stenosis (blunt trauma). MDCT (A) axial; (B) MPR coronal reformatted; (C) Antero-posterior view of
the 3D reconstruction and (D); virtual bronchoscopy. Images show asymmetric stenosis of the cervical trachea, with regular wall
thickening.
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with the program ruler and assessed by measuring
1 cm above and 1 cm below the actual length of the ste-
notic segment Fig. 1(b).
2.7. Surgical approach
All surgical procedures were performed by the same surgical
teamunder general anesthesia using standard techniques for air-
way surgery. To enable safe anastomosis, complete resection of
the stenotic lesions was performed between proximal and distal
disease-free cartilage. In patients with previous tracheostomy,
the stoma site as well as the stenotic lesion was resected.
2.8. Outcome
The tracheal stenotic segment was analyzed concerning its
grade, length, length from the vocal cord and length of
planned resection segment as follows: (a) axial, MPR and
VB were measured with the program ruler; (b) intra-operative
ﬁndings were measured by a ruler.2.9. Statistical analysis
Statistical analyses were performed with SPSS (Statistical
Package for Social Science, version 16 Inc., Chicago, IL) pro-
gram software package for Windows. Sensitivity and accuracy
for axial, MPR and VB for the evaluation of the included ste-
notic tracheal segments were determined using the intraopera-
tive ﬁndings as the gold standard of reference; we considered
overestimation of one of the assessed parameters as false posi-
tive and underestimation as false negative. McNemar’s test
was used ﬁrstly for comparison between axial, MPR and VB,
secondly for comparison between MDCTs and intra-operative
ﬁndings. The signiﬁcant level was set at P 6 0.05.
3. Results
There were 24 patients in the present study cohort of which 18
(75%) were males and 6 (25%) females. Mean patient age was
29.31 ± 9.81 years. Ten patients (41.6%) had grade III and 14
(58.3%) had grade IV dyspnea. Seventeen (70.8%) had stridor.
All patients were already being managed by pulmonologist, or
intensivist. Fourteen patients (58.3%) had grade 3 stenosis
Fig. 5 Post traumatic tracheal stenosis (penetrating trauma). MDCT (A) axial; (B) MPR coronal reformatted; (C) 3D external volume
rendering and (D); virtual bronchoscopy. Images show high-grade irregular eccentric asymmetrical narrowing of the mediastinal trachea.
Note on axial images (A) irregular thickening and narrowing of the tracheal wall, and on MPR (B) stenotic length was well noted.
518 M. Shweel, Y. Shaban(70–90% obstruction) and 10 (41.6%) had grade 4 stenosis
(90–100% luminal obstruction). Fifteen (62.5%) patients had
subglottic stenosis, 6 (25%) had cervical tracheal stenosis
and 3 (12.5%) had mediastinal tracheal stenosis. All included
patients underwent tracheal resection end-to-end anastomosis.
Fifteen patients (62.5%) had a past history of prolonged endo-
tracheal intubation, 5 (20.8%) tracheostomy, 3 (12.5%) blunt
external trauma and 1 (4.16%) had penetrating neck trauma.
Results were tabulated in Table 1.
In comparison with the intraoperative ﬁndings, analysis of
MDCT (axial, MPR and VB) ﬁndings showed 100% sensitivity
and 100%accuracy in detection of the site and the distance from
the vocal cord. It showed 92.3% sensitivity and 96%accuracy in
measurement of stenotic length, and length of segment planned
for resection. It showed 96% sensitivity and 88.8% accuracy
regarding stenotic grading. MDCT accurately measured ste-
notic segment length and length of segment planned for resec-
tion in 22/24 (91.6%) patients. Twenty-two of the 24 stenotic
segments (91.6%)were correctly graded usingMDCT, the latter
overestimated the grade of stenosis 2 times Table 2.
The current study demonstrated that axial CT images accu-
rately depicted the site of all stenotic segments, and correctly
graded stenosis in 17/24 (71.8%), but it did not accurately
measure the stenotic length and the length of segment plannedfor resection. Using multiplanar reformatting (MPR), the site
of all tracheal stenotic segments and its distance from the vocal
cords were depicted accurately, it correctly measured the ste-
notic segment length and the length of segment planned for
resection in 22/24 (91.6%) patients. It correctly graded stenosis
in 21/24 (87.5%) patients. Virtual bronchoscopy depicted all
stenotic segments with accurate assessment of site, it correctly
graded stenosis in 22/24 (91.6%). It was not applicable to dem-
onstrate the stenotic length and the length of segment planned
for resection.
MPR (coronal and sagittal reformatted) images were very
useful in pre-operative planning of tracheal stenosis as it was
100% sensitive in detecting stenotic site and distance from
the vocal cord. It showed 92.3% sensitivity and 96% accuracy
in assessment of the stenotic segment length and the length of
segment planned for resection. VB was very useful in grading
of stenosis as it showed 96% sensitivity and 88.8 accuracy Ta-
ble 3, Figs. 2–5.
4. Discussion
Development of tracheal stenosis has increased in recent years
due to iatrogenic airway trauma by intubation, tracheostomy
Table 1 Patient characteristics.
Patients No.
Age 15–65 (mean 29.62 ± 9.81 years)
Sex
Male 18/24 (75%)
Female 6/24 (25%)
Main presenting symptoms
Grade III dyspnea 10/24 (41.6%)
Grade IV dyspnea 14/24 (58.3%)
Stridor 17/24 (70.8%)
Stenotic segment
Subglottic 15/24 (62.5%)
Cervical trachea 6/24 (25%)
Mediastinal trachea 3/24 (12.5%)
Cause of stenosis
Prolonged endotracheal
intubation
15/24 (62.5%)
Tracheostomy 5/24(20.8%)
Blunt external trauma 3/24 (12.5%)
Penetrating neck trauma 1/24 (4.16%)
Grade according to FT
Grade 3 14/24 (58.5%)
Grade 4 10/24 (41.6%)
Surgery using tracheal
resection-anastomosis
24/24 (100%)
Table 2 MDCT sensitivity, and accuracy for evaluation of
tracheal stenotic segment in comparison to intra-operative
ﬁndings.
Tracheal stenotic segment MDCT
Sensitivity
(%)
Accuracy
(%)
Site 100 100
Distance from the vocal cord 100 100
Stenotic length 92.3 96
Length of segment planned for resection 92.3 96
Stenotic grading 96 88.8
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lence of this condition is unknown, an incidence of 4.9 cases
per million per year is estimated for postintubation tracheal
stenosis (1,13).
Mujahid et al. (14) stated that the goal of treatment of tra-
cheal stenosis is a patent, uncollapsable tube of adequate lu-
men without any recurrence and associated injury. The
precise measurement of the length of the stenosis and of theTable 3 Diagnostic value of the axial and post-processing images in
length, length of segment planned for resection and stenotic grading
Tracheal stenotic segment Most eﬀective image
Site Axial and MPR
Distance from the vocal cord MPR
Stenotic length MPR
Length of segment planned for resection MPR
Stenotic grading VEresidual airway is also essential to determine if enough healthy
airway is available to perform a well-perfused and tension-free
anastomosis. So, meticulous preoperative planning, careful
dissection, and communication between operating surgeon,
anesthetist and radiologist are mandatory for the safe and suc-
cessful outcome after tracheal resection and primary end-to-
end anastomosis (6,14).
Several authors have attempted to evaluate the role of CT
in diagnosis of tracheal stenosis. Some authors (9,15) stated
that single-detector spiral CT had the disadvantage of provid-
ing low-resolution multiplanar reformatted images. Others
such as Hanno et al. (10) used VB only for grading of tracheal
stenosis and found that virtual bronchoscopy was more accu-
rate in depicting tracheobronchial stenosis, yet it is not appli-
cable to complete preoperative planning for successful tracheal
resection. Hence, the value of the current study was to use the
combined interpretation of axial, MPR and VE images to im-
prove diagnostic conﬁdence of interpretation and to permit de-
tailed preoperative planning and information.
In the current study MDCT accurately detected the site of
stenosis and its distance from the vocal cord in all (100%) pa-
tients. It accurately measured the length of stenotic segment in
22/24 (91.6%) of patients, and overestimated it in 2/24 (8.3%)
patients. This high detection rate could be explained by that
our study consisted of patients who had grade 3 and 4 tracheal
stenosis. Sun et al. (16) had a 92% tracheal stenosis MDCT
detection rate. Taha et al. (17) found that sensitivity and spec-
iﬁcity of both CT and tracheobronchoscopy in the detection of
subglottic post-intubation tracheal stenosis was 100%.
In our study in comparison to intra-operative ﬁndings,
MDCT overestimated the grade of stenosis in 2/22 (8.3%)
patients. Similar observations have been made by Boiselle
et al. and Amorico et al. (18,19) This was not in agreement
with Hanno et al. (20) who reported that MDCT overesti-
mated the grade of stenosis once and underestimated the
grade three times, this could be explained by that the author
used only MDCT VB did not use MPR to grade tracheo-
bronchial stenosis. On the other hand our study was
conducted on patients with high grade stenosis, grade 3
(70–90% tracheal luminal obstruction) and 4 (90–100% tra-
cheal luminal obstruction).
In the present study, axial CT images correctly detected ste-
notic site and its distance from the vocal cords in all cases, it
correctly graded stenosis in 17/24 (71.8%), and it did not accu-
rately demonstrate the stenotic length or length of segment
planned for resection. This goes in coherence with Boiselle
et al. (20) who stated that assessment of luminal caliber and
length of tracheal stenosis was difﬁcult on sequential axial
images, in which longitudinal structures display a course par-
allel or oblique to the scanning plane.assessment of stenotic site, distance from the vocal cord, stenotic
.
Sensitivity (%) Accuracy (%) P-value
100 100 P= 1.000
100 100 P= 1.000
92.3 96 P= 0.06
92.3 96 P= 0.06
96 88.8 P= 0.07
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notic site and its distance from the vocal cords in all cases, it
correctly measured the stenotic segment length and length of
planned treatment segment in 22/24 (91.6%) patients. It cor-
rectly graded stenosis in 21/24 (8.3%). This was in keeping
with Dinesh et al. (21), who found that evaluation of the
stenotic segment length was most reliable on MPR images.
Similar observations have been made by other authors
(12,22,23).
Several authors (24–28) have attempted to evaluate the role
of VB in diagnosis of tracheal stenosis and obstruction and
concluded that VB is an accurate method for evaluating tra-
cheal stenosis, endoluminal nodules, and post-stenotic areas
within the tracheobronchial tree. Catherine et al. (29) con-
ﬁrmed that VE shows excellent accuracy in the diagnosis of se-
vere stenotic lesions, and high accuracy in lower grade stenosis.
In the current study, VB demonstrated high sensitivity (96%)
in estimation of tracheal stenotic grading, yet it showed a low-
er accuracy (88.8%) as it overestimated stenotic grading in two
cases, and we refer this to the same fact that we examined pa-
tients with high grade stenosis 3 and 4.
On the bases of our data regarding the usefulness of the ax-
ial and different post-processing images for preoperative eval-
uation of post traumatic tracheal stenosis, we found that,
direct axial source, MPR and VR were well suited for detection
of stenotic site (100% sensitivity, P= 1.00 for each). MPR
images clearly assessed the stenotic length and the length of
segment planned for resection (92.3% sensitivity and 96%
accuracy) with no observed signiﬁcant statistical differences
in comparison to IO ﬁndings (P= 0.06). VB had the most
effective MDCT images in grading of stenosis (96% sensitivity
and 88.8 accuracy) with no observed signiﬁcant statistical dif-
ferences in comparison to IO ﬁndings (P= 0.07).
In reviewing these data, we observed that: (a) axial CT
images allowed accurate evaluation for involvement of the sub-
glottic larynx with subsequent good perioperative planning to
avoid recurrent laryngeal nerve lesions; (b) MPR images were
the best for overall preoperative assessment of tracheal steno-
sis. It allowed precise measurement of the length of segment
planned for resection with subsequent preoperative planning
for enough healthy airway to perform a tension-free anasto-
mosis. Moreover, there was no signiﬁcant statistical difference
between MPR and VB in grading of the tracheal stenotic seg-
ment (P= 0.08), and it performed better than axial images in
grading of stenotic segment; (c) VB allowed accurate grading
of tracheobronchial stenosis, and allowed evaluation of the lu-
men of the trachea beyond the stenotic segment, however it
overestimated grade III stenosis; (d) although 3D images con-
tain no more information than the MPR images, they provide
information in other formats that can enhance the perception
of the anatomy and facilitate the communication between radi-
ologists and clinicians; (e) interpretation of all MDCT images
(axial, MPR, and VB), each with its own merits and limitations
provided data for the detailed information for preoperative
planning of tracheal stenosis. Therefore, preoperative planning
of post-traumatic tracheal stenosis should be based on inter-
pretations of all MDCT images, each mode of display over-
comes the limitations of the other.
Limitation of our study included; a small patient cohort,
and patient selection restricted to grade 3 and 4 tracheal
stenosis.5. Conclusion
MDCT with its various display modes improved the preoper-
ative evaluation of post-traumatic tracheal stenosis. The com-
bined interpretation of axial, multiplanar reformatted and VE
leads to improved diagnostic conﬁdence. We recommend it as
a constant demand for preoperative evaluation of post-trau-
matic tracheal stenosis.
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